The experiment was conducted at the teaching and research farm of the Abubakar Tafawa Balewa University, Bauchi (10°22' N and 9°47' E), to study the effects of poultry manure based compost, NPK fertilizer and spacing on the growth and yield of sorghum. The treatments consisted of Poultry manure based compost (0, 1 and 2 t/ha), NPK fertilizer (0, 30 and 60 kg/ha) and two spacings (25 cm x 75 cm and 30 cm x 75 cm). Factorially combined given 18 treatments combination, laid out in a randomized complete block design and replicated three times. Data collected was analysed using ANOVA and Duncan's Multiple Range Test was adopted to separate significantly different treatments means. The result of the experiment revealed that, application of 60 kg NPK and 2 t/ha poultry manure based compost proved to be significantly (P=0.05) better in promoting growth and yield of sorghum than all other rates and all the rates were better than the control. Considering spacing however, growing sorghum spaced at 30 cm x 75 cm gave significantly (P=0.05) higher growth and yield than 25 cm x 75 cm. Study on interaction revealed that, combine application of 60 kg NPK/ha and 2 t/ha poultry manure based compost gave significantly (P=0.05) higher growth and yield of sorghum. Based on this result, combine application of NPK fertilizer and poultry manure based compost to sorghum spaced at 30 x 75 cm will address the issue of soil fertility in the study area.
Introduction
In sub-Saharan Africa, crop yields are limited by many factors, one of which is nutrient deficiencies. Soils have inherently low levels of nutrients because of low soil organic matter levels and limited use of nutrient inputs by farmers. Nitrogen (N) and phosphorous (P) deficiencies are the main soil fertility constraints in most of the soils of West Africa [1] . Chemical fertilizers are imported from developed countries and remain expensive for poor farmers who therefore, never use them or only occasionally apply small quantities. While 73 kg/ha of chemical fertilizer is used by farmers in Asia, only 8 kg/ha is used in Africa [2] . The ever increasing population of many countries of the world has necessitated the development of intensive agricultural technologies to sustain food production and yield. In recent years, the increase in population had led to pressure on farm land through intensive cultivation of soil, leading to nutrients depletion. Declining soil fertility is a major production constraint in Africa, especially Nigeria and it is becoming increasingly critical to secure sustainable soil productivity. Soil fertility maintenance is essential in achieving and maintaining high crop yields over a period of time. Therefore, maintaining and improving soil fertility through the application of fertilizers is an essential factor enabling the world to feed the increasing population [3] . Inorganic fertilizers have been used as a way of sustaining soil productivity which have proved to be more convenient than the use of organic fertilizers that have traditionally been used since pre-industrial age.
Crop growth, yield and product quality in relation to application of different organic fertilizers has been widely reported [4] [5] . Addition of organic materials of various origins to soil has been one of the most common practices to improve soil physical properties and the use of compost on crops have been reported to improve crop yield and quality and play a key role in the maintenance of soil productivity [6] . Emerging evidence indicates that integrated soil fertility management involving the judicious use of combinations of organic and inorganic resources is a feasible approach to overcome soil fertility constraints [7] [8] [9] . Despite lack of staple food supply and the importance of cereal crops notably sorghum as a source of carbohydrate, savannah soils are low in fertility and cannot satisfactorily support crops like sorghum and maize without the addition of fertilizer. Mineral fertilizers on the other hand are generally costly and unavailable to the small scale farmers. Mineral fertilizers even when available could be environmentally unsafe and most of the farmers do not know how to use them for optimum production. There has been an increasing environmental concern about damage caused by agricultural activities worldwide, as a result of using agrochemicals [10] . This call for a search of alternative cropping system and organic agriculture has been established as a safer system in many countries and this has necessitated the use of inorganic fertilizers especially in compost forms. There is paucity of documented information on similar practices for sorghum production especially in the northern guinea savanna zone of Nigeria. This study was carried out to determine the effects of poultry manure based compost, its combination with NPK fertilizer and spacing on the growth and yield of sorghum.
Material and methods
The experiment was conducted at the teaching and research farm of the Faculty of agriculture and agricultural technology, Abubakar Tafawa Balewa University, Bauchi (10°22' N and 9°47' E). Bauchi is located in the Northern Guinea savannah agro ecological zone of Nigeria. The materials used for the experiment consisted of poultry manure based compost, NPK fertilizer (20:10:10) and sorghum (variety; CRS-01). Poultry manure based compost was obtained from Bauchi state Agricultural Development Programme (BSADP) while NPK fertilizer and Sorghum (variety; CRS-01) were obtained from Bauchi state Agricultural Supply Company (BASAC). The treatments consisted of Poultry manure based compost (0, 1 and 2 t/ha), NPK fertilizer (0, 30 and 60 kg/ha) and two spacings (25 cm x 75 cm and 30 cm x 75 cm). These were factorially combined to give a total of 18 treatments combination and laid out in a randomized complete block design (RCBD) with three replications. Net plot size of 4 m 2 was adopted for the experiment and a border row of 50 cm was left between plots while 200 cm was left out as a walk way between replications. The experimental site was ploughed and harrowed followed by laying out of the experimental plots. The sorghum seed was sown at a spacing of 25 cm x 75 cm and 30 cm x 75 cm intra and inter row spacing respectively. Six seeds were planted and later thinned to two plants per stand at two weeks of emergence. The compost (poultry manure based compost) was applied during land preparation and NPK fertilizer was applied in two split doses, first at one week and the second at five weeks after emergence. The experimental site was treated by the application of Paraquat after land preparation to get rid of the emerged weeds. However, manual weeding was carried out at 2 and 5 weeks after emergence using hand hoe. The sorghum plants were first harvested by cutting down the entire plant at maturity while the panicles were removed using knife manually and was left to dry under the sun for a week. The dried panicles were then threshed manually with stick and winnowed to remove chaff. Data were collected by selecting five plants randomly from the net plot on the following parameters: plant height, number of leaves per plant, leaf area and panicle length. Others are number of spikes per panicle, 1000 grain weight and grain yield.
Data analysis
All data collected were subjected to analysis of variance (ANOVA) and Duncan ' s Multiple Range Test (DMRT) was adopted during the analysis to separate significantly different treatments means.
Results and discussion

Effects of Poultry Manure Based Compost, Spacing and NPK Fertilizer on Growth Characters of Sorghum
Plant height
The significant (P ≤ 0.05) difference observed throughout the study period on plant height of sorghum in which the application of 60 kg NPK/ha proved to be better than all the rates used, indicated that increasing inorganic fertilizer level increases growth of sorghum. The present study supported the earlier report of [11] [12] , who reported that increasing nitrogen fertilizer increases plant growth. The increase in plant height due to increase in poultry manure based compost could be as a result of low carbon to nitrogen ratio of poultry manure and the effect of decomposition which lead to early release of plant nutrient in the soil. This is in line with the report of [13] who reported that composting organic matter will increase not only growth of crop, but also its nitrogen use efficiency. With regards to spacing however, taller plants were observed with wider spacing. The result of this study is not in line with the result of [14] who reported that tallest plants were observed with closer spacing due to the effect of competition. 
Number of leaves
The significant (P ≤ 0.05) difference observed on number of leaves throughout the study period on various level of NPK fertilizer, in which the rate of 60 kg/ha proved to be superior to other treatment used, revealed the effect of NPK fertilizer as well as its importance in cropping system. This confirm the result of [15] [16] who reported that inorganic fertilizer application levels has a significant contribution on vegetative growth of plants. The study further indicated that increasing level of compost increased number of leaves of sorghum. This could be due to the effects of compost on vegetative growth of plant. The present study corroborate with that of [17] who reported that number of leaves of sorghum is a result of increase in plant height. The findings of this study shows no significant difference in terms of plant density on number of leaves. This result lend its support from the findings of [18] who said that no significant difference was manifested in leaf number as a result of an increase in plant density. 
Leaf area
The higher leaf area as observed through the application of 60 kg NPK/ha could be as a result of increase in plant growth as influenced by the inorganic fertilizer. The increase in leave area as a result of increase in application of NPK fertilizer also indicated the importance of inorganic fertilizer in cereal production. This proved the result of [11] who reported that increasing inorganic fertilizer increased growth characters of plant. Sorghum grown with the application of 2 tons of poultry manure based compost tend to promote larger surface area for sunlight and CO2 absorption.
The present finding is in agreement with that of [19] who reported that the use of compost in cereal farming in the savannah zone of Nigeria has a significant effect on the growth of cereals. An earlier study by [20] also lend support to the present results obtained. No significant difference was observed with respect to plant density. This result lend its support from the findings of [18] who said that no significant difference was manifested in leaf number as a result of an increase in plant density. Combine application of NPK fertilizer and compost at a rate of 60 kg + 2 t/ha gave better ground cover. This indicated the importance of combine application of organic and inorganic fertilizer in sorghum production. This corroborate with the finding of [21] who reported that, compost application maintain higher level of organic carbon and inorganic fertilizer use efficiency than sole application of inorganic fertilizer. 
Effects of Poultry Manure Based Compost, Spacing and NPK Fertilizer on yield and yield component of sorghum
Panicle length (cm)
The result on panicle length showed that, the rate of 60 kg NPK/ha was found to be better than the other rates, this indicated the importance of inorganic fertilizer in crop production. The increase in panicle length could be as a result of increasing NPK fertilizer level. This revealed the importance of N as a basic component of plant physiological activities as supported by [11] working on nitrogen fertilizer in cereal production. The increased in head length of sorghum is due to increase in soil organic carbon due to the application of poultry manure based compost. The result of the present study lend its support from the result of [19] , who reported a significant effect of compost on soil fertility in the Sudan savannah zone of Nigeria. The significant difference observed on plant density in which spacing of 30 x 75 cm gave bigger head of sorghum indicated the effect of wider spacing in sorghum production. This could be as a result of reduced competition of water and nutrient between the plants. This is in line with the report of [22] who reported a significant effect of spacing on yield components of sorghum. The result of the interaction revealed that, sorghum can be grown successful with the combine application of 60kg NPK and 2t/ha of compost with wider spacing. This could be as a result of better utilization of fertilizer nutrient as a result of increase in organic carbon in the soil. The result of this findings lend its support to the finding of [21] who reported that, nitrogen availability after application of compost is increased and is under the influence of weather conditions especially rainfall and temperature. The significant (P ≤ 0.05) difference observed in this experiment on number of spikes per panicle in which the rate of 60kg NPK/ha proved to be more better than the other treatment used revealed that, increase in number of spikes with increase in application of nitrogen fertilizer indicated the significance of inorganic fertilizer on number of spike in sorghum production. The present result support the report of [23] , who reported a significant increase in number of spikes of sorghum following increase in NPK fertilizer. The application of 2 t/ha poultry manure based compost gave significantly higher number of spikes. This proved the importance of compost application in sorghum production. This is in agreement with the report of [24] who reported a similar trend while study on compost. The significant difference observed with respect to spacing indicated that higher number of spikes were found with wider spacing. This revealed the effects of competition on yield characters of sorghum. The result of the interaction in which application of 60 kg NPK/ha with 2 t/ha poultry manure based compost gave higher number of spikes, indicated the importance of combine application of organic and inorganic fertilizer in sorghum production. This is in line with the result of [15] who reported a significant increase in number of spikes of sorghum with combine application of organic and inorganic fertilizer.
Number of spikes per panicle
1000-grain weight (g)
The result of this experiment indicated that 60 kg NPK/ha produced higher 1000-grain weight. This revealed the importance of NPK fertilizer to cereal production. The result of this study support the result of [25] , who reported a similar trend in legume-cereal intercrop. The significant difference observed with increase in poultry manure based compost revealed its significance in increasing yield of sorghum. This could be attributed to increase in organic carbon in the soil due to addition of compost. The result of this experiment is in conformity with the result of [26] who reported that grain weight was significantly affected by legume residue added to the soil and nitrogen fertilizer application during legume -cereal rotation. No significant difference was observed in terms of planting density. This is not in support of the report of [27] who reported that, wider spacing produced thicker stems of sorghum.
Yield (kg/ha)
The significant (P ≤ 0.05) difference observed in this study in which 60 kg NPK/ha yield higher than the other rates revealed that, the increase in yield with increase in nitrogen fertilizer application clearly indicates the importance of inorganic fertilizer in the performance of sorghum. This indicated the effect of nitrogen as a basic component of many physiological processes in plants. The present finding is in support of the report of [28] who reported that, nitrogen is a basic constituent of many compound of physiological importance to plant metabolism such as chlorophyll, nucleotide, alkaloids proteins, enzymes, hormones and vitamins. It was observed that, application of 2 t/ha poultry manure based compost produced the highest yield of sorghum. This could be due to low carbon to nitrogen ratio of poultry manure and the effect of decomposition which lead to early release of plant nutrient in the soil. This is in line with the report of [13] who reported that composting organic matter will increase not only growth of crop, but also its nitrogen use efficiency. Higher grain yield were observed with wider spacing, this could be as a result of reduced competition for water and nutrients in the soil. This is in support of the report of [27] , who reported that, wider spacing produced higher grain yield of sorghum.
The result of the interaction in which application of 60 kg NPK/ha with 2 t/ha poultry manure based compost gave higher grain yield indicated the importance of combine application of organic and inorganic fertilizer in sorghum production. This is in line with the result of [15] who reported a significant increase in grain yield of sorghum with combine application of organic and inorganic fertilizer. 
Conclusion
The application of NPK fertilizer had a significant effect on both growth and yield of sorghum. Similarly, the use of poultry manure based compost and its combination with NPK fertilizer can increase growth and yield of sorghum in the study area. The study also confirmed that, spacing of 30cm x 75cm gave higher yield of sorghum than 25 cm x 75 cm.
Based on the results obtained, the following recommendations were made:
 Application of 60 kg NPK/ha (20:10:10) to sorghum can be recommended for the study area.  The use of poultry manure based compost and its combination with NPK fertilizer should be adopted by farmers for sorghum production in the study area.  Since the combination of 60 kg NPK/ha and 2 t/ha poultry manure based compost was the highest level used producing the highest yield in the present study, further research should be conducted with higher levels to determine the right level that best suits the study area.
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